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Diagram of the efferent autonomic pathways. Preganglionic neurons are shown
as solid lines, postganglionic neurons as dashed lines. The heavy lines are
parasympathetic fibers; the light lines are Sympathetic.

(Fundamentals of Human Physiology. 2nd ed. Year Book, 1962.)
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Representation of quaternary stucture of a protein "ping-pong ball" model of
the apoferritin molecule. this consists of 20 subunits,each with a molecular weight
of about 20,000 daltons. The subunits are arranged to form a hollow sphere which
may become packed with iron salts forming the iron storage protein ferritin

(Courtesy of R.A.Fineberg).
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L-a-Amino acids found in proteins

Abbre-
Trivial Name viation Chermical Name Structural Formula
|-
With Aliphatic Side Chains
Glycine® Gly Aminoacetic acid H—?H-COOH
NH,
Alanine Ala a-Aminopropionic acid CHy—CH—COOH
NH3
Hy&
Valine Val a-Aminoisovaleric acid ,CH—LI'.H—COOH
HyC NH,
H3C
Leucint "1 Leu a-Aminoisocaproic acid ICH —CHy~ ?H - COCH
HyC NH,
CHy
“CHy
N
Isoleucine lle a-Amino{f-methylvaleric acid /CH - (:.H ~—COOK
CHy  NH,
¥ith Side Chains Containing Hydroxylic (OH) Groups
Serine Ser a-Amino-f-hydroxypropionic acid 9“ — ?H._ COOH
GH  NHy
Threonine Thr a-Amino-f-hydroxy-n-butyric acid

CHy—CH—CH—COOH
OH NH,

With Side Chains Containing

ulfuy Atoms

L

Cyltéinef Cys a-Amino-g-mercaptopropionic acid CHy —CH—COOH
t {
SH  NH,
Methionine P«Ilcl a-Aminc-y-methylthic-n-butyric acid ?H, —CHy— ?H —CcOoH
: S—CHj NHy
With Side Chains Containing Acidic Groups or Their Amides
Aspartic acid Asp a-Aminosuccinic acid HOOC—CH,—CIH —COOH
Aspanagine Asn y-Amide of a-aminosuccinic acid

HyN=§ ~CHy —CH—COOH

L o NH,

*Since plycine has no asymmetric carbon atom, there can be no D or L form.

tThe amino acid cystine, g A-dithio-{a-aminopropinnic avid), consists of ? cysleine residues linked by 3 disulFc

bond:

HOOC - (I:chu, -$-S-CH, —ICH—COOH

NH, NH,

Ty




gl gt

L-a-Amino acids found in proteins

Abbre-
Trivial Name viation Chemical Name Structural Formula
T Glutamic acid Glu a-Aminoglutaric acid HOOC—CHz.—CHz«.?H—COQH.
NH,
Glutamine Gln §-Amide of a-aminoglutaric HyN=C—CH;—CHy;—CH~COOH
acid '6 '{JHI

Arginine

Lysine

Hydroxylysine®

Histidine

Arg

Lys

Hyl

With Side Chains Containing Dasic Groups

a-Amino-d-guunidino-n-valeric
acid

a.e-Diaminocapreic avid

a,c-Diamino-8-hydrovy-n-
caproic acid

a-Amino-f-imidazrolepropionic
acid

Histidine ~
(see above)

Containing Aromatic Rings

H —l‘ll '—CHZ_CHI"CHA_CI: H—COOH
C=NH NHy
1
NHy

C"Hz--CHz-CHz—CHf-(i:H —COOH

NH, NH,

CHy—CH—CHy—CH,~CH —COOH
NHy OH NH,

l—.;—CHl—L?H ~COOH
HN N NH,

@—CH,—?H —COOH

Phenylalanine Phe a-Amino-f-phenyiproponic
acig NH,
Tyrosine Tyr a-Amino-B-{p-hyd roxyphenyl) HO CH, —CH—COOH
propionic acid B : P!JH
a
Tryptophan Tep a-Amino-{i~3—indnltprbpi0nic CH;~CH—CQOH
acid I ;'q H
: ':‘ 1
“H
Imino Acids h
Proline Pro Pymrolidine-2-carboxylic acid
N “cooM
H
HO
4-Hydroxyproling | Hyp 4-Hydroxypyrrolidine-2- [ 1
carboxylic acid f‘il COOH
H

Y
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Naturally occurring amino acids which do not occur in proteins

Trivial Name Formula Occurrence or Significance
F-Alanine CHy~CH, —COOH| Part of pantetheine and of coen-
I!JH‘ zyme A
Taurine ?H;— CH,—303H | Free in cells; combined with bile
NHy acids (eg, taurocholate}
a-Aminobutyric acid CHa-CH,-(i'-H-COOH Animal and plant tissues
NH4
y-Aminobutyric acid ?H,—CHZ—CHQ—COOH Brain tissue
NHy .
B-Aminoisobutyric acid H;N "CHQ—?H —COOH | End product in pyrimidine metabo-

CHj

lism; found in urine of patients wilsi
an inherited metabolic disease
(see p 358)

Homocysteine ‘.'-H1_CH1"CIH_C°°H Meéthionine biosynthesis
SH NH,
Homoserine CHy—CHy—CH =COOH | Threonine, aspartate, and methio-
(I)“ "4“‘ nine metabolism
Cysteinesulfinic acid ?Hz_'?H —CQOH | Rat brain tissue
S0,H NH,
Cysteic acid CHz—(iH =COO0H | Wool
OzH NH,
CH;
Felinine HO~CHy—CH;—C =5 —CH-CH—COOH | Cat urine
Hy NH,
COOH
[sovaithine CHy—CH=CH—5-CH;~CH—COOH | Urine of cats and of certain hyno-
éHl .IqH‘ thyroid patients

2,3-Diaminosuccinic acid

HOOC—CH~CH—COOH
NH,; NH,

Excreted by Streptomyces rimosus,
which produces oxytetracycline

y-Hydroxyglutamic acid

HOOC~CH~CH,—CH —COOH
OH NH,

Catabolism of 4-hydroxyproline

a-Amlnoadiplo soid

HOOS=GHy=OHy=CHy~FH—COOH
NHy

Intermediate of lysine biosynthesis
by yeast

a,c-Diaminopimelic acid

HOOC ~CH —CH,~CH;~CHy~CH—~COOH
NH, NH,

Bacteriat cell walls; intermediate of
lysine biosynthesis by bacteria

o f-Diaminopropionic acid

CH,—CH—COOH
NH; NH,

In the antibiotic viomy i

e
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Naturally occurring amino

acids which do not occur in proteins

Trivial Name Formuta Occurrence or Significance
a,y-Diaminobutyric acid (i.‘Hz—CHz—(I:H =CO0QH In polymyxin antibiotics
NH, NH,
Craithine QHI—CH.-CH,-—(’I.‘H —COOH Urea cycle intermediate
’ NH, NH,
Citrulline Urea cycle intermediate

CHy— CHy— CH,—CH —COOH
NH NHy °

Homocitrulline

Hy = CHy—CHy —CH,—CH — COOH

Urine of normal children

H NH,
=0 .
H,
Saccharopine H COOH Intermediate of lysine biosynthesis
c _'," —'..l‘.H by yeast and Neurospora
T Y
(FH, C':Hz
tHa GHy
tl:Hz COOH
CHNH,
COOHR
Azetidine-2-carboxylic CH, Lilies
acid N

Hi€ cH—COOH
N

N
|
H
J-Hydraxyproline OH Achilles tendon of cattle; in Lhe
antibiotit Telomycin
N™ “cooH
H
Pipecolic acid In certain antibiotics: metabolic
product of D-lysine breakdown in
':‘ COOH mammals.
H

5-Hydroxytryptophan

mCHz- (I:H —COOH
N NH,

|

H

Precurser of serotonin
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Weak acid groups of amino acids
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Non-essential amino i —wlu 3 8 LW plesVl o 1, Li_.,n L..a..c._a-

.Essential amino acids i LY 40 Y) slesVy sy

Essential amino asids
Iso Leucine
Leucine
Lysine
Methionine+ Cysteine
Phenyl alanine + Tyrosine
Threonine
Tryptophan

Valine

Non- essential amino acids
Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Glutamic acid
Glutamine
Glycine
Proline
Serine
Tyrosine

Histidine

W i) b ehadl) o AU AL O3 B eV oles Y1 -

Amino acids with nonpolar uncharged side chain

O R Py [ Wep PO [ UPPN 1 U RRPES b I SR E X T

USTCR\PESL JEIPIC] IOt 1)

Glycine, alanine, Valine, Ieucin, Isoleucine, proline, Phenylalaine

Tryptophan and Methionine.
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Amino acids with uncharged, polar side chain
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Representation of primary, sec

(Courtesy of R. E. Dickerson).

protein.
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(HAWORTH FORMULAS)
icH,ou TCHOH
H/ H \"I |/ \
9 \H__ ./L_ J\“ ./en,ou
" o

-a-D-Glucopyranosido4-D-fructofuranocide

ﬁcuiou s<|:H,OH
Q
H /l \H H/I \1;‘1
H Hz
Ho\i / 1_ _J % c/OH
H OH'

4-a-D-Glucopyranosido-a-D-glucopyranoside

MALTOSE(aFORM)
: il
H—?-—OH H (l:
H=C—0OH O H-C-0OH
i o i o
HO—Cl:—I-I HO — (E H
H~C H-C-0OH
i
H—{:—J H- (;.‘——
H—(I:-OH H- Cl-OH
H H
Two a-D-glucopyranose components .
b %
SUCROSE H—G-OH L O H-C-OH
HG—~C—H ?
H—(ll."-OH l HO—(I:—H 5
H=-C ’ H-C—-CH
] i
H—?—OH H-.cl;__l
H H—?—OH
H

a-D-Glucopyranose
component

£-D-Fructofuranose
component

£
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HCL secretion by parietal cells in the stomach. Active transport by ATPase is indicated
by arrows in circles. H' is secreted into the lumen of the canallcui in exchange for K* by H
Kt ATPase. HCOS- is exchanged for CI in the interstitial fluid by an antiport, and Na+ i
Kt ATPase keeps intracellular Na¥ low. Dashed arrows indicate diffusion.
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Lamina
propria

Muscle in  Gland cut
submucoss tramvenaly

Diagram of glands in the mucosa of the body of the human stomach.

From Bell GH, Davidson N, Scarbrough G: Text - book of Physiology and Biochemistry,
6th ed. Living stone, 1965).

e



—a—adl

*u0113433s |euaponp Jo spouad ay) siedpul
sBuiaedsy ay) Japun syop ajiym ayj "wojjoq o) do} wody
pue jyfn 0) )ja| wou) pead ase sbuiodedq) Jayjo ay) Jo uonenujuol e
s1 aulj yae3 ")}sad jo spoad Buoj yyim Buneuwsalje Rynnoe Jo spouad
Ano) moys sBuided) ay] {nasfipjog °N 'n 421)€) 20e|d uo1}sabp ou yym
Gulauniao yoewoys ayy Jo fiyniae Jojow jeapowiad Jo Buipioaay

LX)
ono.oooucso.o.o..coroo-onno
L]

00:2,

| ==— o R

oY



iyt gl
Jusf Gl oo Gl s e et e ot OF S
e S Ut s gy 5 (A1 1 8550 ) G038 ] e ST
) o Bl gl g g 1 93 iy 15 3l o onlyy
S g2l e dl PSS Ry clis paa Jaug apony B sl —
st (B} o e J g — Y
350 ) adiy g axlinl Je aslos (denaturation) o5y, 0 e ds o i — ¥
Y [ TR Y N DV PO
S by plalall (a5 ) pllaall oot Li3) e Joms —
Buall b ity 1Sl Jaalor (o 4S5 kS ) B 5t g i o g i
: ol L Lo
5 g e Jolin Ll WD (3 8y STy polagll et 0,55 B Tl —
«Carbonic anhydrase ;, ;g5 Ly S i) 342 9 (5 0 S ST
O5ly g gyl Ot () Homt s 2 gy SO s 0,800 5
gl Y B ) LT e I sy Sl 0t e o el g, S
G eI S 00 e U A ] pl e 8105 Blie 3 Jasey,
G55y S Jaale PE n 404555 G 5 M o g, W Ol e ey
A8 g gt Janl U

L y,S 2]
r?l‘Y-deﬁ Tiﬂ+1T.L_.
et

- % + 3
‘_n_&.x__,+ S ri_‘l,r.x._:

(b BT ) ] o) 1l 05
(hplS g e jads) JS da e Jo

oA



PP S | | W

Aol yy s W oy G gl U 3 i) S gl el 550 Adee Tus — ¥

U e JeeS e Ol e e gl 051 ) AL S AL

RP-SUSUSR SYNTS IV S CCITR W ARE TR PR O 5 S A ST

— oy o S ot s LEY s e el oLl Dl S 00

ot 185 e 3 iz cpll ) ol UL g g Sl o

e o Ot o 1 IS0 gl ez Bl L (L gl e 1S
i, STy gl el dand e LS e 20555 e s U

islb
L+ L . e
LS
&gy S !
‘_fp.‘_‘l.L,g - YT.‘J-I—‘I.L;_
et

(ol ) Gl L ey T8 Uy 04
(b LA ) i om0 0
(LS, den o) IS 0 ¢ S5+ L
col b e s b e 285 e Y B al eda clolal aay,
L e WA oy ] i T 48505 g 4ot of wdll ) pladall d g5 0]
& Al aall Cilziey Gadh e el e i 5 L Lol G e ol
ol Sl Lo ol (G oplonall ay L pladall £ L e 0L 4S5
FR A 3 UL S5 a gl Bl 5 a5 aall e aS ST O oo of
a8 Gl s J gl slaladl oy (Latent period) O yeS 3,23 A 5 conllly
Lkl el g 5 s 8 all e s Calziady sl

o4



Fundus

Body
(Parintal coils:
HCI
Intrinsic factor
Chief calls:
Peptinogen)

Lessar curvature

Greater
curvature

Antrum
Pylorus  {Gastrin)

Anatomy of the stomach. The principal secretions
are listed in parentheses under the labels indicating the
locations where they are produced. In addition, mucus
is secreted in all parts of the stomach. The dashed Iine
marks the border between the body and the antrum.
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Mechanism for glucose transport across intestinal gpi-
thelium. Glucose transport into the intestinal cell is
coupled to Na’ transport, Utilizing a common carrier pro-
tein. Na® is then actively transported out of the cell, and
glucose enters the interstitium by facilitated diffusien
(FD) via GLUT 2. From there, it diffuses into the blood.
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MUCOSAL CELL

Lipid absorption. Triglycerides are formed in the mucosal cells from monoglycerides
and fatty acids. Some of the glycerides also come from glucosc via phosphatidic acid. The
triglycerides are then converted to chylomicrons and released by exocytosis. From the
extracellular space. they enter the lymph. Heavy arrows indicate major pathways. * reaction
inhibited by monoglyceride; MGT. monoacylglycerol acyltransferase; DGT; diacylglycerrol
acyltransferase.

In: Disturbances in Lipid and Lipoprotein Metabolism. Dietschy JM. Gotto AM Jr, Ont-
ko JA (editors), American Physiological Society, 1978).
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Tracings of vomiting movements (after E. Babsky)
The upper tracings record gastric movements, the sec-
ond tracings from the top, duodenal movements, the
third tracings, the movements of the small intestine, the

bottom line is the time-interval marker
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Involvement of the citric acid cycle in transamination and gluconeogenesis, The
bold arrows indicate the main pathway of gluconeogenesis, Murray RK et al:
Harper's Biochemistry, 23rd ed. Appleton & Lange, 1993.)
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Diagrammatic representation of the proposed mechanism
by which myosin heads produce sliding of actin on myosin. The
ATP-binding site in the head is an open cleft. When ATP is
bound and hydrolyzed, the cleft closes, distorting the head. and
the head binds firmly to actin. The head then overcomes the
distortion, creating the power stroke that moves actin on myo-
sin (Medified from Rayment 1 et al: Structure of the actin
myosin complex and its implications for muscle contraction.
Science 1993; 261 : 58).
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Troponin

Initiation of muscle contraction by Caz"' When C32+ binds
to troponin C, tropomyosin is displaced laterally, exposing the
binding site for myosin on actin (striped area). Hydrolysis of
ATP then changes the conformation of the myosin head and
fosters its binding to the exposed site, For simplicity, only one

of the 2 heads of the myosin-1l molecule is shown..
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Diagram of the struture of a nephron (after Smith):

1 - glomerulus; 2 - proximal convoluted tubule; 3 - descend-
ing limb of Henle's loop; 4 - ascending limb of Henle's loop; 5 -
distal convoluted tubule; 6 - collecting tubules. The structure of

the epithelium in the different portions of the nephron is shown
in the cricles.
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Nuclide Half - Life Major decay
H-3 12.35a B-
Sr-89 50.5d B-
Sr-90 28.7d B
Zr-95 64.00d B-¥
Nb-95 35.0d B-¥
Mo-99 2.7476d p-¥
Ru-103 39.272d p-¥
Ru-106 372.6d B-
Ag-110m 249.79d B-¥
Cd-115 2.2d B-¥
Sb-125 1008.1d B-¥
Sb-127 3.9d B-¥
Te-129m 33.6d B-¥
Tc-131m 30.0d B-¥
Te-132 3,204d B-¥
I-131 8.021d B-Y
1-133 20.3h B-¥
Cs-134 754.2d B-¥
Cs-136 13.0d B-¥
Cs-137 30.0a B
Ba-140 12.751d B-¥
Ce-141 32.50d B-¥
Ce-144 248.45d B-¥
Np-239 2.355d B-¥
Am-241 432.0a a¥
Cm-242 162.94d a
pu-238 87.70a a
Pu-239/240 2.411 x 10% w6.563x10% | o
Pu-24] 14352 B-
Pu-242 3.735%10% a a

Half - life given in minutes (min), hours (h), days (d) and

years (a). One year = 365.25 days.
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